DOCUNENT RESUME

D 099 306 sp 008 480

AUTHOR Cronbach, Lee J.

TITLE Consistency and Stability of Interaction Effects from
Classroom to Classroos: Pilot Studies.

INSTITUTION Srencer Foundation, Chicageo, Ill.

PUB DATE 3¢ sep 74

NOTE 21p.

EDRS PRICE MF-$0.75 BC-$1.50 PLUS POSTAGE

DESCRIPTORS Analysis of Variance; Classroos Research;

*Educational Research:; Bultiple Regression Analysis;
Research Design; *Research Methodology: Research
Problems; #*Statistical Analysis

ABSTRACT

This interim report is concerned with the analysis of
educational experiments and quasiexperiments where alternative
teaching methods are applied to intact classes or where alternative
programs are set up in samples of schools or cosmunities. Generally,
such studies have used the class, the school, or the community as the
anit of sampling with the consequence that investigators have based
~he number of degrees of freedom in their statistical calculations on
the number of classes. However, the author believes that a further
distinction must be made: that is, between effects that operate at
the class level and effects that operate within the class. The
variance in an outcome measure can be divided into between-class and
vithin-class components. The between-class variance can in turn be
divided into variance predicted from the aptitude level of the class
and a residual. The vwithin-class variance can be subdivided into the
affect predicted from the within-class regression equation and a
residual. The regression equation with each single class can then be
computed and the residual reduced still further. The author has
developed methods for completing such analysis and applies them to
previous studies to shov the effect of such analysis on the outcomes
of studies. (HMD)




e

W AEa WL e dme ARV

Tk

o

-
»
B AL R an Aok m

ERON1A

ED 99306

Consistercy and Stability of Interaction Effects

From Classroom to Clussroom: Pilot Studiecs

Lee J. Cronbach
stanford University

Ve DEFARTMENT OF HEALTN.
EOUCAT&ON.WELFARE
NATIONAL INSTITUTE OF

SDU(J“Q"BE6~ REPRO
AL CUMENT HAS
DUCSCC?OE:AL‘LV‘ A% RECEIVED FROM
1€ PERSON OoR ORGAN‘ZAT!ON QRIGIN
ATING (T POINTSOF ViEW OR OPINIONS
STATED DO NOT NECESSARNRLY REPRE
SENY OFFICIAL NATIONAL INSTITUTE OF
EDUCATION POt T:ON OR BOLICY

— -

Report to Spencer Foundation

f

September 30, 1974

'y

\l

(A

I

3
10




Pl T

Adninistrative

This project was undertaken as a "tooling-up" year, to define
questions more precisely and to develop techniques that could be
applicd to the reanalysis of large-scale educational studies. The work
has progrensed as far as was expected during the year, although the
specific questions that commanded attention have shifted somcwhat. A
grant to continve the work was approved by the Spencer Toundation, and
this document is au interim report even though for administrative pur-
poscs, the original grant is congidered to be terminated.

Joseph G. Deken, a doctoral student in the Department of Statistlics,
playcd a major role in the Qork reported. Noreen Webb, a doctoral
student in educational psychology and measurement, joined the project
in September and will continue through the next year. She helped in the
preparation of this report.

Overview

This project is concerncd with the analysis of edu.ational
experiments and quasiexperiments where alternative teaching methods are
applied to intact classes, or where alternative programs are set up
in samples of schools or communities. In such a study the class (or
school or community) is the "unit of sampling". Recognition of that
fact by investigators typically has had just one consequence: some of them
have based the number of degrees of freedom in their statistical calcu~
1ntions on the number of classes. Beyond this, we argue, a conceptual

distinction must be made: between effects that operate "at the class



lTevel"™ and offects that oeperate within hie eluss, This becomes critically

fmportant fn examining the effects of a treatment on different types of
pupils.

The variunce in an outcone measurce (within a treatment) can be
divided into between-class and withiu~-class components. The between-
class variance can in turn be divided into variance predicted from the
aptitudc* level of the elass and a residual. Tn he process, the slope
of the outcome-on~aptitude regression between classes is examined.

If the slopes in the two treatments differ, Aptitude x Treatment inter-
action opnratos'bcrwcen classes; then one might pursue a policy of
assigning high-aptitude classes to one treatment while applying the
sceond treatment in low-aptitude classes.

The within—-class varinnce (within ecither treatment) can be
similarly subdivided into the effcct predicted from the pooled-within-
class repression equation, and a resldual.  Then the regression equation
withia euch single class can be computed, and the residual recuced still
further. The dependence of outcome on aptitude within the class may
reflect how individual ability responds to the treatment or it may
refleat social~-psychological cffects (e.g., response to competition).
Diffecences in slope from one class to another (within a treatment) may

be a consequence of ascertainable differences in the teachers' practices.

1a the course of our research to date, we have identified some

important decisions the data analyst needs to make in separating such com=-

ponents as the preceding paragraph describes. We have adopted one set of
operations (srounded in SPSS computer programs), and have applied them to
a signilicant study by G. L. Anderson, to demonstrate the kind of results
expected.  The now analysis undermines ndercon's conclusion that has

e

*
’Aptitudc is a formal term applying to any individual characteristic at
pretest. In some studies demographic characteristics are ceritical.

o ———— B WU W W MR

-

e

N ghne W - e

R T



stood givce 1941, This is unfortunate, but it demonstrates the value of
the new procedure.

Judgment is required to choose between the alternatives open
to the data analyst. While the choices we made in the Anderson analysis
are, we believe, appropriate for that study, we intend to spell out the
rationale underlying each choice, so that future investigators can make
choice. appropriate to  their own studies. For example, we have
chosen to regard classes as randomly sampled from a population, and to
regard students within classcs a5 "fixed" in the statistical serse,
Under some circumstances an investigator might prefer to rega~ld both
as random, or to regard classes as fixed and pupils uas random.

Qur scheme leaves us in a position to test regression and inter-
action effects for significance. But we have become increasingly con-
vinced that stetistical inference ought to emphasize confidence inter-
vals rather than tests of the null hypothesis.

We have studied Potthoff's (1954) extension of the Johunson-
Neyman method.  The wethod does appear to be suitable, though with the
data collected in typical educational studies the confidence limits for
effects turn out to be very wide. I.e., the typigal investigation gives
only slimpy information on the strength of effects in the population.

By way of demonstration, we have applied ?otthoff's method to a study

by Austin Bond. Since confidence intervals for regression effects are
difficult to comprehend unless they are displayed visually, we are making
use of the computer to plot confidence intervals with one or two pre-
dictors. We have some further work to do to get displays that are

adequately clear.
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The nethod applies to the foruation of confidence intervals for
cach wilhin=treatnent regression, as well as to the interactions
Potthoff eonsiderced. Bspeclally in quasiexperiments, this is likely to
be more uppropriate than to focus on the Interaction directly.

¥Yrom the point of wview of the Foundation, the most important
matter to report is that work has procceded according to plan, that
the tentative findings have confirmed the importance of work along
these lives, and that we oxpect highly useful results from the successor
grant, which will extend our pilot work into a more or less definitive
report and will demonstrate the impor' ance of analysis between- and
within-clusses, We shall elaborate in the following sections, primarily
to glve colleagues who gee the report » more concrete idea of the direc-
ticn our work is taking.

The work appears Lo have implications for a kind of question
not cousiderved in our proposal. TFew issuvs regarding methodology in
educational research are more significant than the legitimacy of
covariance adjustments in quasiexperiments, Many of the controversies
over, for example, the Westinghouse evaluation of Headstart had to do
with this issue. The distinction between within-class and between-class
regressions is not considered in the traditional analysis of covariance.
We suspect that many analyses have inappropriately calculated regressions
for purposes of adjustment by pooling individuals from all classes within
treatments. While work on this extension of our thinking is not scheduled,
we mention it hiere to indicate that our program of investigation has

wider significance than cur proposals have indicated. Ag 2 matter of fact, a

current request for proposals from the Ofifice of Education, for the Follow
Through Ylanned Variation quasiexperiment, asks cxplicitly [or analysis of both

main effects and interactions at the between and within site levels. So our

results will be ready none too soon!



Publicat icas
Cronbach and Suow had worked {rom 19060 on studies on iandividual

differences in respousce to instruction. Thedir monograph Aptitudes and

Instructional Methods is nearing completion and will pe sent to press

(Irvington Press, New York) within a few weeks, It has been possible
to insert into the manuscript a brief account of the work on this
project, including specifically the findings and mathematical formula-
tions summarized below. Since the monograph 1s expected to influcnce
subsequent inveatigations, this grant has served to increcase signifi-
cantly the methodologlcal soundness and the probable benefit from the
Cronbach-Saow prograw of work.

A paper by Cronbach should also be mentioned. His invited
address to the Amerleau Psychiological Association in September, 1974

will be published in the Februury, 1975, American Psychologist under the

title "Bevond the two disciplines of scientific psychology". That paper
does not derive directly {rom the grant, yet it addresses the large

issue to_which the research is relevant: What are the limits of intex-
pretation of educational research studics as conventionally conceived and
designed? The technical work under this and the successor grant will
converge with the philosophical argument in the 1974 paper, to raise
sharp questions about the appropriate function of social-science inquiries
pointed toward social policy. The contribution emerging from the grant

is the evidence that studies of reasonable size probably cannot pin

down quantitative effects definitively.
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The Bond stuly reanatyied

o et

In 1940 Austin Bend publishad o doctoral dissertotion of unusual
sethodological yuality, much influenced by Helen Walker. e taught
genetics in college by two procedures, one traditional and the othe:
with conctant atteation to social implications. ‘lsing the Johmson-
Neyman method of statistical analysis, he repor. . significant differences
on many outcemes, but showed that the effects shifted {rom strong to
negligible or even to reverse effects, depending on the characteristics
of the student at the start of the course. This data sct was used for
our application of Potthoff's extension of the Johnson-Keyman method,

(The study, as reported, does not lend {tself to a separation of class
and individuul effects as only two claszes were invelved.)

Figurc 1 displays confidence limits for onc of Bond's outcomes.

His analysis established repions of significance, These repions appear in our

T @ e -

Insert Figure 1 here

figure in the horizontal plane through the origin, bounded by an hyperbola. Only

for persons in the outer corners could Bond conclude that the treatments
differed significantly. The three-dimensional display given by Potthoff's
method augments this information with an estimate of the possible range
of the treatment effect at each point in the space defined by the
pretests. Also, the curved surface defines the limiting positions of

the regression plane. Any plane that does not slice into the surface
might be tue regression plane that describes the treatment difference in
the population. This is a powurful method of taking into account the

uncertainties introduced by quasicollinearity, a problem of congiderable
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Figure 1. Confiucnce limits for anm interaction effects in Bond's
Bond's study of genetics. EA is o test on Evaluation
of Authorities.




frportance in interpreting multiple regresslons,
The analytic wod:d

Our mathematical mudel can only be sketehed here. First we
hypethesize that, within a treatment, the outcome Y depends on three
kinds of effect.

1. Individunl effect of aptitude X_,. Equals the expected

Y for persoas vwith a particular level of X, averaged
over all the classes in the population.

2. Class effect. Equals the Y valve for the class, after
adjusting tor the individual effect of the members.
Includes any experiences common to the group (e.8.,
teacher exced 'mee, or high group morale). This effect
may be a function ¢f the class mean on X,

3. Individual=vithineclass effect., Described by the regression
of Y or X within the class, adjusted for Effect 1. Reflects
any special distribution of opportunity, cncouragement,
or the like within the class (e.g., teacher slows pace
to fit the weaker students),

Now each of these effects may differ from one treatment to another.
Honce there are threc kinds of "Aptitude » Treatment interaction”.
having different theoretical and practical implications. This has not
previously been recognized.

Analyzing data within a treatment, one obtains a between-classes
slope and a within-class slope for the class. Thus one has three "unknowns"
(three effect sizes) and only two observations (slopes). One can regard
the between slope as a composite of Effects 1 and 2, the within slope
as a composite of 2 and 3.

The sampling model we emphasize at present regards the set of
classes as randomly sampled fro:r .he population of classes receiving
the samr treatment. This allows us to consider quasiexperiments in

which nonrandom causes determine whet treatwent a particular class

pots. (Even true experiments, if conducted on a large scale, are
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Tkely to be reduced Lo quasicape-iments when some classes depart from
the plan.) We trea. pupils as fixed within classes.  In future work
we shall trace the porsibilities, limitations, and procedures associated
with alternative models.

We have to date operated as if the pupil's X score is fixed. The
work necds to be extended to consider mcasurement error (regarding X as
a random ohservation from a collection of X observuitions on the fixed
pupil). The resulting “corrvction for attenuution” takes a different
form In studics with nested data than it does in he usual individual
study.

[enoring wcasurement error and analyzing solely within a treatment,
we colsider the outcome score ch of person p in class ¢ to be made up of

compents:

(1) ch = SO General mean

-+ ﬁiﬁé Betueon~-class regression
+ 6.C Class-level residualy C is a dunmy variable.
+ ﬁzxz Expected (over classes) within-class

p %

regression. X, =X -X
+ (B, =X ¢p P c
2¢ "2°72p Specific within-class regression

+ 6 Residual

The first three terms add to ?;. Hence we make a decomposition:
[y Y = Y _“.
(2) 5S¢ pc) SS(YC) + SS(Ypc Yc)

Total Between Within
classes classcs

Any parameter which is a function of the clure means (nx, or ¢2(Y), .
or &1, etc.) can be defined taking class size into account as a weight, or

welght ing clagses equally. The value of one or more parameters will shift between
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the two ealeulations, wless the X, Y distribution is the same for large
ont small classes, _ﬁc hove ¢hosea to estinate parawmeters in the wveighted

yowhichn vedshie pepids egendlse Tads bas not been the usual prac—
tice i oducatienul rescarch.  The arguments for and against this
formulaticn are te appear in our technical report.

The between~class sum of squares is now decomposed

'®)) ss(’\“'c) = S5 Regr  + $S. Residual

1 1
Aptitude Class
elfect effect

these two sums of squaves cone out at the first step of a gencralized
reprosaion analysis with (1) as the model. Tor that analysis, one must
carvy orery student (ot every class) as a case.

The within-closs deconposition requires two more steps of regression,

4 RN N -—_- = * Pa t 348 Wl ) A 1
(&) .S(\pc Yc) SSzncgz + (qs3lebr %szPegr) + SS3Residua
Ceneral within- Specific within- Unpredicted
class aptitude cless aptitude
effcct effect

The strength of various cifects is now estimated by the propertion
of 58(Y) in ecach of the five scpments,

The model gencralizes to more than uvne aptitude. We find that for
results to be interpreted it is necesary to convert the aptitude to
dimensions that are close to orthogonal (in the pooled-within-treatments

distribution).
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The next question has to do with infevences about the size of
effects in the population, Under the sampling model emphasized above,
one can look at confidence intervals on the effects at the class level
(the general mean and the between-class slope), followin; the Potthoff
rationale. Almost invariably, the confidence intervals will be quite
wide because data sre available on only a few classes. Hence it will
rarely be possible to draw definite conclusions about population para-
meters in instructional experiments of a practical size. As we see it,
the use of the number of pupils as the basis for calculating confidence
{intervals or signilicance tests requires a speclal justification that
may not often apply. We will spell out the grounds for such justifica~
tion in next year's work.

1f one is prepared to regard assignment of classes to treatments
as raudom, the gencralized regression analysis can be used to test the
significance of aptitude~-treatment interactioms or the Potthoff method
can be applied to the interaction.

The sketch above speaks of a single predictor X which is

.
decomposed into Letween and within-class components. All the statistical

arguments developed apply to multivariate prediction, as in the Anderson

study.

The Anderson study reanalyzed

In a Minnesota doctoral dissertation completed in 1941, G. L.
Anderson compared drill methods and meaningful methods of instruction in
17 fourth-grade class classrooms. The Johnson-Neyman analysis indicated

differences on several outcomes, and showed that the effects depended on
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Table 1

Regression Cocefficients predicting Overall Outcome

in the Anderson Data

Treatment Multiple regression sz(Y:X) Simple regression sz(fo)

bAhil bPrecom bAbil bPrecom Abil Precom

Between classes D 0.06 0.75 499 -0,47 0.74 2063 498
M 0 43 0.70 705 0.22 0.47 1365 1153

Within classes D ¢.41 0.75 2679 0.39 0.73 6656 3980

M 0.42 0.65 2825 0.51 0.71 6242 4369
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the abilitiecs of the student at the beginning of the year. Anderson

divided the clunses into two subgroups (high or low mean initial abilities),
and made scparate attalyses in the subgroups, counting the iadividual student
as the sawpling unit. Mlis results are typified by Figure 2, from his short
published report. It looked as if (under the conditions of the experi-
meat) the weaningful methods then being advocated by educational theorists
workad tor underachievers aud were harmtul -- relative to drill -- for
overschicvers. This was a kind of answer to Binct's old problem of doing
somcthing about the "bright" pupil with a poor school record. It has its
moderu echo in various statements about the methods that work best with
middle-class and lower-class children,

Anderson did not consider class effects in his regression analyses.
we analyzed the data to separate class and individual effects.

In preparation for the reamalysis we dropped some cases with
nissing data (reducing N to 4£35), made regression cstimates of missing
scores for others, and eliminated one small class. We did not form sub-
groups with different initial abilities as Anderson had done. For the
analysis reported here we formed a composite dependent varigble by com-
bining the Compass and van Wagenen posttests. Anderson used the several
subtests as dependent variables. As predictors we used two aptitude
variables: the Compass pretest and the Minnesota School Ability test., We
converted the latter to ABIL (=MSAT - 0.42 Compass) to get orthogonal
predictors. (Within a class or treatment the correlation was not neces-
sarily zero.) We rescaled the two predictors and dependent variable to

mean zero and s.d. 1.00, over all cases pooled.



The basis for degrees of frecdom was not the number of studeats, but
the number of classes. The small number of degrees of frecdom made the
confidence intervals for all betwecn~class regression lines or planes
very wide.,

Our original analysis was a multiple regression. The multiple
regression coefficients (Table 1) begwcen classes are consistent with
Anderson's finding, since the overachiever is a person high on ABIL,
and overachieving classes seem to do better in the Meaning treatmeat.
The computer printout drew our attention to the fact that ABIL accounts
for very little variance in the Drill group. This led us to examine the
plot of class meana for raw scores (Figure 3). It is evident that Anderson's
treatment groups had markedly dissimilar distributions of class means. He
had assigned classes to methods on the basis ef the teachers' prefercnces,
and happened -- in a small sample -~ to draw a set of Drill classes in
which MSAT and PRECOM means correlated highly. The collinearity in the
Drill classes nearly wiped out the variance of ABIL, thec partial variate.
Consequently, the multiple-regression weights in the between-classes
analysis for Drill are not interpretable; many other sets of weights

would give nearly the same multiple correlation,

Insert Figure 3 here

While we calculated within-class multiplc regressions for each
class, it is more useful here to report the calculation for classes pooled.
The within-class estimates represent B,. There is obviously no difference

between the within-class regression slopes.

15
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To reach conclusions less perturbed by collinearity at the
between=classes lovel we caleuloted simple rogression slopes.  Again, the
within-group slopes differ little, The difference between 0.39 and 0.51
for ABIL is in line with Auderson's conclusion but is a very weak cffect,

The differences in the between-groups analysis are impressive,
and entlirely consistent with Andersen's conclusion. However, one must
vrecognize the very large sampling error in a slope bascd on 8 or 9
classes. A plot of the meuns for APIL, PRECOM, and ZACH (the standardized

outcome) appears in Figure 4.

- e -

Insert Figure 4 here

In the chart Ior ABIL, the narrow range of ABIL in the Drill group
should be noted. This {ollows from the collincarity. The slope is
determined quite unreliably. 1In fact, if it were not fcr the one class at
~55, 65, the slope in the Prill group woula be slight!, positive not
negative, 1In the ‘eaning group, the slope is low, and not reliably positive.
The two set:. of poiants could ecasily be from the same distribution, hence
we cannot say that the data support an ATI hypothesis. Yet this between-
group cffect must be the major source of Anderson’s interaction.

In the PRECOM chart it is even more obvious that the two sets of
cases form one distribution. The two leftmost cases account for the
steeper slope in the Drill treatment.

Finally, it is noted that the residual variances are not so different
as to suggest an important difference between treatments.

The variance decomposition (as {ar as we have carried it) is as

follows:

——— -
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__brill Meaning
Total S$ 9920 100.0% 1000 100. 0%
Between classes 2134 21,5% 1498 14.9%
Predictead 1645 16.6% 793 7.9%
Residual 499 4,97 705 7.0%
Within classes 7788 78.5% 8560 85.1%
N
Predicted by 87 5109  51.5% 5735 57.0%
Residual 2679 27.0% 2825 28.1%

1t remains to comment on the specific within-class analyses, With
about 20 cases in most classes, regression slopes arc not to be regarded
as precise, even when pupils are considered to be fixed. The slopes
onte PRECOM ranged from 0.51 to 1.07 over the DRILL classes, and from
0.43 to 1.12 over the MEANING classes. The largest differences may imply
that the teachers at the extremes were following quite different practices.
As for ABIL, the range of within-class slopes was 0.14 to 0.92, and 0,22
to 0.71, in the respective treatments.

Conclusion

All in all, we are satisfied that our approach adds a great deal to
the understanding of educatlonal data and is likely to alter conclusions
in many studies.

There are formal statistical problems to think through and explicate.
Our computational methods can be made more efficient., And as
we apply the method to further bodies of data in the present year we will

no doubt learn more about the limits of the method and its value.

19
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